The Oxyrase agar dilution method, with exclusion of CO2 from the environment, was The corresponding erythromycin MIC50 and MIC90 were 1.0 and 8.0 ,g/ml with Oxyrase, compared to 4.0 and >32.0 ,Lg/ml by the reference method, with 89.3% of strains susceptible at a breakpoint of 4 ,ug/ml with Oxyrase, compared to 60.6% in CO2. Exclusion of CO2 from the anaerobic atmosphere when testing for susceptibility to azalides and macrolides yielded lower MICs, which may lead to a reconsideration of the role played by these compounds in treatment of infections caused by these strains.
played by these compounds in treatment of infections caused by these strains.
It is well established that susceptibility testing of macrolides and azalides in the presence of CO2 leads to falsely high MICs due to a C02-dependent decrease in the pH of the medium (1, 6, 14) . Because MICs for anaerobic organisms are determined in an atmosphere of N2, H2, and CO2 in either anaerobic jars or an anaerobic chamber, it has generally been assumed that these compounds have low activity against this class of organisms. However, Retsema and coworkers (14) , Barry and Fuchs (1) , and Nachnani and coworkers (8) have shown by microdilution MIC testing that exclusion of CO2 from the incubation atmosphere when testing azithromycin and erythromycin leads to lower MICs (which more accurately may predict clinical outcome) for aerobic as well as anaerobic organisms. This study compared the Oxyrase method and exclusion of CO2 (8, 11, 12, 14) with the anaerobic chamber method (which included C02) for agar dilution testing of 94 gram-positive and -negative anaerobes with erythromycin and azithromycin. As a control, clindamycin (susceptibility to this drug is not influenced by C02) was also tested.
Organisms were all clinical isolates identified by standard methods (16) and comprised Bacteroides fragilis (10 isolates), Bacteroides thetaiotaomicron (4 isolates), Bacteroides distasonis (9 isolates), Bacteroides eggerthii (1 isolate), Prevotella oralis (2 isolates), Prevotella melaninogenica (2 isolates), Prevotella intermedia (2 isolates), Prevotella loescheii (1 isolate), Prevotella corporis (2 isolates), Prevotella bivia (6 isolates), Prevotella disiens (2 isolates), Bacteroides ureolyticus (3 Results of susceptibility testing are presented in Table 1 . Removal of CO2 from the incubation environment led to a decrease in the MICs for 50% of strains tested (MIC50s) and MIC90s of both agents from 4.0 and >32.0 p1g/ml to 1.0 and 8.0 ug/ml (erythromycin) and from 8.0 and >32.0 ,ug/ml to 2.0 and 8.0 ,ug/ml (azithromycin). The percentages of strains susceptible at preliminary breakpoints of 4 ,ug/ml (erythromycin) and 8.0 ,ug/ml (azithromycin) increased from 60.6 and 53.2% to 89.3 and 90.4%, respectively. This effect was seen in all groups of anaerobes and was most noticeable in gram-positive strains as well as P. bivia, P. disiens, and black-pigmented prevotellas. By contrast, although there was a variation of zero to two doubling dilutions in susceptibilities to clindamycin, MIC50s and MIC90s as well as percentage susceptibilities were virtually identical with both methods. Quality control values for B. fragilis ATCC 25285 were 4.0 to 8.0 ,g/ml in the chamber and 1.0 to 2.0 ,ug/ml with Oxyrase (erythromycin) and 2.0 to 4.0 p,g/ml in the chamber and 1.0 to 2.0 ,ug/ml with Oxyrase (azithromycin). Values for C. perfringens ATCC 13124 were 2.0 to 4.0 ,ug/ml in the chamber and 1.0 p,g/ml with Oxyrase (erythromycin) and 2.0 to 4.0 p,g/ml in the chamber and 1.0 to 2.0 p,g/ml with Oxyrase (azithromycin). As can be seen, quality control values in each run were virtually identical. Both erythromycin (0.25 to 0.5 p,g/ml) and azithromycin (0.25 to 1.0 ag/ml) accurately predict clinical activity and may help explain this compound's efficacy in animal models of mixed aerobicanaerobic infections (5) . The Oxyrase method is currently more suited to microdilution than is the agar dilution method. Use of the latter in conjunction with the Oxyrase method is time-consuming and complex; care must be taken to prevent the upper layer of agar from immediately solidifying after addition of Oxyrase, and concentrations of all substances in both layers must be accurate. Plates should be used immediately after preparation, or uninoculated plates containing Oxyrase may be stored at 4°C for up to 3 weeks without deterioration of 02-binding capability (2) . However, it should be noted that the National Committee for Clinical Laboratory Standards recommends storage of agar dilution susceptibility plates for not more than 1 week (9). Storage of uninoculated Oxyrasecontaining plates at room temperature or higher uses up substrates and leads to a loss of Oxyrase activity. Brewer lids are difficult to obtain, and not all inocula are adequately covered by the lid to permit exclusion of air and satisfactory growth. Finally, care must be taken to minimize the amount of air between the upper agar layer and the lid. Oxyrase clears 02 from the headspace between the agar surface and the inside top of the Brewer lid as well as binds 02 in the medium; the time to make the headspace anaerobic is a function of the total volume being treated. The above problems are being addressed by the manufacturer, with a view to development of commercially available Oxyrase plates and Brewer lids which are easier to work with (2) . Because of the problems alluded to previously, the outer edge of the agar (up to 4 mm from the edge of the Brewer lid)
should not be inoculated.
National Committee for Clinical Laboratory Standards anaerobe breakpoints are not available for erythromycin or azithromycin. We elected to use the resistant aerobic erythromycin breakpoint of 4.0 ,ug/ml (10) and an azithromycin breakpoint of 8.0 ,ug/ml, because levels of 10 to 15 ,ug/ml can be achieved in tissue with the latter drug (3) (4) (5) 15) .
Increased recognition of the role of CO2 in the in vitro activity of macrolides and azalides may lead to a reevaluation of the role of these compounds in the therapy of anaerobic infections. Azithromycin, with its wider spectrum of activity and higher levels in tissue compared with those of erythromycin (1, 3-5, 7, 13, 14) , may be a candidate for clinical evaluation in mixed aerobic-anaerobic infections, especially in cases of localized infections (5) . For reliable testing of macrolides and azalides against anaerobes, CO2 must be excluded; the Oxyrase method is a promising method of achieving anaerobiosis while excluding CO2 from the environment. We have no suggestion as to how to address susceptibility testing of C02-requiring anaerobes VOL. 31, 1993 on August 27, 2017 by guest http://jcm.asm.org/ Downloaded from that are affected by CO2 with the Oxyrase or any other method. However, it should be noted that even strains known to be CO2 dependent, such as black-pigmented gram-negative rods, grew well in our system. Testing of larger numbers of these organisms will delineate the extent of this problem.
